Introduction
The general form of a model of electromechanical vibration system with concentrated parameters, presented in Fig. 1 .1., is a good example for the input in the analysis of transmit and receive sensitivity of hydroacoustical transducer. A well known model of electromechanical elements transformed in electrical substitute components of hydroacoustic transducer, presents a widely known procedure for de-embedding its different characteristics which are necessary in producing of antenna. This procedure has been derived on an idealized model of block scheme of hydroacoustic transducer on the level of electrical analogy of all electric and mechanical parameters. In a hydroacoustical system with one piezoelectric element (hydrophone), different values of a phase angle at electric clamps come from phase relations of mechanical force and vibration velocity in a mechanical vibration system. Matveev 1953) and with Laplace transformation has very complex mathematical solves which in the domain of the complex variable have a special usability and meaning. On the level of mathematical solves in the domain of the complex variable harmonic motions are characterised by the values as follows, F(N)=Fm(N)-the amplitude of mechanical force on the elastic system of motion and vibration is at the same time an active generator of mechanically forced vibrations/oscillations. The mechanical force brings piezoelectric system in interaction with piezoelectric effect of electrical force with mechanical mass of the system. In that case, F(t) as mechanical force in dependence of time t, is given in a general form as follows F(t)=Fme jωt = Fe jωt (1.1)
The amplitude of harmonic motion, elongation-ξm(m), or the highest displacement of material point of elastic medium to the central position of motion, and ξ(t) as displacement of material point of elastic medium to the point at the beginning as a function of time t in general form, can be in the phase of moving to the mechanical force and it can be written in mathematical form as follows
where is As the first derivation of moving in time, the velocity of material point in elastic medium is v=jω· ξ m·e j(ωt-ψ v=vm· e j(ωt-ψ+π/2) (1.5) with amplitude of this velocity vm= ω· ξ m. Furthermore, the acceleration of a particle in harmonic motion a(t) in a mathematical form is equal or simpler, in a symbolic form we can write and with a factor of choking and damping of mechanical vibration δ in (1.9) we have a symbolic form of differential equation as follows To solve this differential equation we need to determine the beginning conditions of displacement of a material point of the vibration system in t=0. By using differential solves of stationer state we can get Fig. 1 .2 as a model of physical state of the matter. We have two important fields in the frequency domain of hydroacoustic transducer sensitivity: constant value of displacement of material point in medium and the field of resonance. On the other hand, according to Fig. 1.3 , the values of phase angles with too high dispersion of different parameters at a receive multi-element antenna can have negative influences on the parameters which are very important for detection, in the resolution and in the less of great ranges of sonars and medicine ultrasound scanners, too. Accordingly, with the analysis of the behaviour of mathematical functions of sensitivity and sources of wide dispersion of phase angles of antenna elements at hydroacoustical and ultrasound transducers, we can choose the best model for an optimal range in the given system. 
T(s)-time as a period of one vibration of material point of mass, ω(rad/s)-angular velocity as frequency of mechanical oscillator or number of vibrations in 2π seconds, t(s)-time, ψ(rad)
-
Theory of hydroacoustical composed transducer in the form of two-port network(6pt)
In this chapter is presented the procedure of calculating some characteristics of hydroacoustical antenna. The procedure is derived on an idealized model of a electromechanical block scheme of hydroacoustical transducer, (Masson 1950 , Beranek 1954 , Kinsler&Frey 1962 , Caruthers 1977 , Sverdlin 1976 , Bogorodskii&All 1983 , Wilson 1998 . We analyze the complex behavior of mechanical vibration system of hydroacoustic transducer analyzing at electrical analogy of electric impedance on its electrical ends in specific conditions. We more often use the block scheme of hydroacoustical transducer in Fig. 2 .1.1 as electromechanical two-port network devices in theory and practice of the system than in the construction analyses of the transducer. In this case, we have three equations as starting points for different directions with solves of different important parameters of hydroacoustic transducer.
The de-embedding of electric input impedance of hydroacoustical transducers
By using three equations (2.1.1), (2.1.2) and (2.1.3) we can get electric input impedance at port 2-2 in general form as in equation (2.2.1) which is in accordance with equation (2.14) at reference (Caruthers 1977) . Electric form of block scheme is given in Fig. 2 .2.1.
In accordance with equations above, we have a general form of real and imaginary part of impedance, then yield 
where is Φ(N/V)-factor of electro-mechanical transformation of electrical parameters in associated mechanic parameters and reverse (electric voltage ZM(Ω)-electric impedance as analogous of mechanical impedance of mechanical system defined as Zm. We calculate it from calculated and measured data as follows,
RR(Ω)-electric resistor as analogous of acoustical resistance of acoustical effective radiated surface of system defined as Rr which presents the resistance of radiation of value of sound energy, can be calculated from catalogue data and data of measured tools of transducer,
xR(Ω)-electric reactive resistor as analogous of acoustical reactance of acoustical effective radiated surface of system defined as xr which presents the reactance of radiation system of sound energy, can be calculated from catalogue data and data of measured tools of transducer. In fact we make it to be zero or to obtain to zero (xR→0),
A(m 2 )-effective aperture, effective surface of radiated face of transducer, ρ(kg/m 3 )-specific mass of water as medium of spreading of sound, c(m/s)-velocity of sound in water or people's body. Velocity in the sea is complex function of a lot of parameters, but approximately, we can take that c ≈ 1500 m/s ZR(Ω)-electrical value of acoustic radiation impedance Zr presents the value and character of radiated acoustic energy in space. We calculate it from data of RR and xR as follows
KR (1)-coefficient of acoustic resistance Rr as real part of acoustical radiated impedance. By using Bessel and Struve special functions we can calculate it at piston model of transducer (Caruthers 1977) and it is shown in Fig. 2 .2.2, but mainly using cylindrical model of transducer, we can calculate it with equation by using special Hankel functions (Rževkin 1960 , Smarišev 1973 or we take data in Fig. 2 
By using different conditions of maximal and of minimal value of module of electric impedance Zt and admittance Yt and on condition that xt=xin=0 if it is possible, we can deembed the important series of frequencies as follows: fm<fs<fr<fa<fp<fn. Four of them: serial frequency fs, resonance frequency fr, anti-resonance frequency fa and frequency of parallel resonance of system fp in given conditions can be calculated to expressions as follows 
We de-embed two of the frequencies: fm in relation to the minimum of module of electric impedance Zt and fn as frequency to the minimal value of admittance Yt at circle impedance and admittance diagrams respectively. Yield at example, Fig. 2 .2.4.
The matching of electric impedance of hydroacoustical transducers
In accordance with maximal efficiency and maximal transmission of electric energy and maximal relations of signal/noise, we can calculate parameters of matching with electric transformer to Fig. 2 .3.1 or with LC transformer to Fig. 2.3.3 (Milošić 1978 , 2004 , 2010 . On the other hand, in accordance with maximal efficiency for noise factor we need to make the matching of electric impedance in conditions for the lowest noise (Jelaković 1973 
In accordance with maximal efficiency and maximal transmission of electric energy and maximal relations of signal/noise, we can calculate parameters of matching with electric transformer to Fig. 2. 3.1 or with LC transformer to Fig. 2.3.3 (Milošić 1978 , 2004 , 2010 . On the other hand, in accordance with maximal efficiency for noise factor we need to make the matching of electric impedance in conditions for the lowest noise (Jelaković 1973) .
The most suitable using of electric transformer is in active systems of transmitter with narrow band pass and stable transmitting frequency. (Milošić 1978 (Milošić , 2010 
On the other hand, LC electric transformer is good in wide band sonar systems in receiving of signals and at physically very composed systems of antenna. Given parameters of LC transformers can be calculated very fast and precisely to (2.3.4), (2.3.5) and (2.3.6). (Milošić 1978 (Milošić , 2010 
The de-embedding of the level of transmitting voltage sensitivity of transducers -LS (dB re 1μPa/V at 1m)
Keeping in line with the de-embedding of the level of transmitting voltage sensitivity of transducer we need to eliminate the vibration velocity and with substituting equation (3.3) in (3.2) yield
On the other hand we have LS=20 log |S|+120 (dB re 1μPa/V//1m) (3.8)
By using (3.6) in the form of module value, we have that is
Also, if we substitute the complex value of electric impedance ZR and ZM in equation (3.9) we get real and imaginary part of transmitting voltage sensitivity SRe and imaginary SIm as follows
If the module of transmitting voltage sensitivity|S| is given to (3.12) 
The de-embedding of the level of the receive voltage sensitivity of transducers -LM (dB re 1V/μPa)
By using equations (2.1.1), (2.1.2), (2.1.3) and (3.4) to Fig. 4 .1 in the system with equivalent electric elements and LC transformer we have that partial receive voltage sensitivity M22 at port 2 and at clamps 2-2 is defined by real and imaginary parts of impedances as follows. 
Ro
By using real and imaginary part of receive voltage sensitivity in the de-embedding and plotting of characteristics of level of receive voltage sensitivity in the complex form of presentation, yields that the module of complex value is 2 2 22 r22 i22
In accordance with the general definition for level of receive voltage sensitivity LM22 at clamps 2-2, at valid reference of p0=1 μPa in hydroacoustics, we have LM22 =20 log M22 -120 (dB re 1V/μPa) (4.6) Also, in accordance with equation (4.6) we have graphic presentation for analysis of parameters and conditions for next steps. 
Both of them can be calculated to given equations, which can also be measured in the hydroacoustical tank separately.
In accordance with the given equations we can calculate virtual receive voltage sensitivity to equation (4.5) with intervention in the new value of XCtrCo as a parallel connection of value Ctr and C0 or to equation (4.15) directly. In the end, we have the level of voltage receive sensitivity of transducer, as follows LMtr=20 log │Mtr│-120 (dB re 1V/μPa) (4.18)
Mtr=(Mrvir+jMivir)(α-jβ)=(αMrvir+βMivir)retr+j(αMivir-βMrvir)imtr= Mretr+ Mimtr
It is good to say that in accordance with mentioned equations we will get a new function as follows in Fig. 4 .5, where is voltage sensitivity approximately 11 dB less then at the beginning.
The de-embedding of directivity pattern characteristic R p (λ, θ, φ, LoSoS) of antenna
In accordance with the previous matter, we also have directivity pattern as one of important parameters of acoustical transducers. Directivity pattern of one hydroacoustical transducer, and directivity pattern in array of antenna are fundamental roots of all analyses in the systems where they are installed. The de-embedding of all parameters of systems begins with main parameters of hydroacoustical directivity pattern characteristic of composite transducers separately or transducers in antenna array. By using this model of coordinate system to show and define the beginning conditions for de-embedding or the measurement of different functions of directivity pattern
characteristics of antennas at frequency from infrasound to ultrasound range, we can make correct analyses of all parameters in the system without restricted parameters of producers and data of technology owner. Fig. 5 .1 Coordinate system to show and define the beginning conditions in all derivations and analyses of contemporary systems of monitoring with special review on underwater technology, dS=r 2 cosθdθdφ Keeping in line with this intention, we can talk about a composite cylindrical barrel antenna, mainly installed in the bulb at bow of great tankers for monitoring of possibly forthcoming dangerous rocks, crags and shallows in the sea, or not less simple composed antenna array of ultrasound scanners in medicine. It is contained in equations taken over from literature (Evtjutov & Mitko 1981 , Sverdlin 1980 , Milošić 1996 in short explanation as follows By using equation (5.1) (Evtjutov & Mitko 1981) we can get directivity pattern characteristics for different model of contemporary sonar horn antenna as follows ( ) 2  1  2  1  1  2  2  1  2  2  2  1  2  2  1   π  π  2  sin  2  sin  20log  π  π  sin sin (Milošić 1988 /2010 to equations of Evtjutov&Mitko 1981 , Smarišev 1973 , Sverdlin 1976 )
With the button Delay (ms) on BK4440 move the puls τi to Δti on the time axis t (Milošić 2004 (Milošić , 2005 (Milošić , 2007 (Milošić and 2008 . On the other hand, we have graphical presentation in two and three dimensions of both mentioned parameters for different conclusions, for practice. In accordance with equation (6.1) at the beginning, we have fundamental definition (Urick 1967 , Smarišev 1973 , Sverdlin 1976 , Burdic 1984 1 Before about 1948, directivity index was regarded as negative instead of a positive quantity (Urick R. J., Peninsula Publishing, California, Los Altos, 3 rd edition, page 42).
2 By using the mathematical coordinate system (by all authors), at dS=r 2 sinθdθdφ as differential surface, they had a big problem to make a join of suppression of side lobes and directivity index in one function at contemporary sonar systems. It is important to point out Russian scientist Grigorii M. Sverdlin as one of the first authors who introduced so called 'rectangle approximation' in directivity pattern characteristic in Fig. 3 .28 in the de-embedding of directivity index, at wrong equation 3.76, published in the book from 1976. Fig. 6 .1.1 Directivity patterns of the theoretical sonar antenna at azimuth angle θ-3dB=1º and elevation angle φ-3dB=15º and with LoSoS=-3 dB we have DI=3 dB, and also in the second example in azimuth of θ-3dB=1º and elevation angle φ-3dB=15º and with LoSoS=-10 dB and in that case we have that is DI=10 dB Fig. 6 .1.2 Directivity index shown in two and three dimensions to (6.1.1) as correct function for theory and practice in dependence of LoSoS (dB) (Milošić 2004 (Milošić , 2005 (Milošić , 2007 Directivity index of ideal mathematical case to (6.1.2) is mainly in use in theory and in practice as a beginning point in analysis. But, this value is mainly one of the largest wishes, which produces approximate error of directivity index to 20 dB. Taking the product of ideal directivity factor Df(1) and efficiency factor η(1) of antenna as final value of array gain or directivity index is additionally wrong. Efficiency factor and directivity factor are absolutely different parameters in the root (Caruthers page 27). Absolutely all solves of directivity index, effective aperture or array gain of antenna are contained in equations (6.1.1), (6.2.1) and (6.3.1) or in contemporary figures Fig. 6 .1.2 to Fig. 6.3.5, (Milošić 2004 , 2007 In accordance with mentioned equations (6.2.1) and (6.2.2) for circle CS of the main lobe of pattern characteristic of antenna, we have graphic presentation in Fig. 6 .2.1 for DI in two dimensions and for Aeff in three dimensions.
6.3 New function for directivity index DIe-cs on the basis of theory at ellipse cross section CSc of main lobe of receive or transmit directivity pattern characteristic In absolute accordance with the mentioned conditions of rectangle and circle cross section in this case, we have the best general function for the presentation of important parameters of antennas in the systems of monitoring, in the underwater or in the air. (λ, LoSoS) in three dimensions at the model with elliptical cross section (Milošić 2007 (Milošić , 2008 
Conclusion
The presented model of vibration of medium with concentrated mechanical parameters as a starting point of analysis of transmitting or receive sensitivity of hydroacoustical transducer with mathematical solution of its differential equation is applicably carried out on the basis of the Laplace transformation of complex variable. Given analyses of antenna with concentrated mechanical parameters are in accordance with mathematical solutions by twoport network model of hydroacoustical transducer with original concentrated electric parameters and with the electric substitute of mechanical parameters inside the body, at electrical clamp on one side and on the surface of the transducer in the water on the second acoustical side. With the analysis of the behaviour of mathematical functions of hydroacoustical sensitivity and sources of wide dispersion of phase angle of impedance of antenna elements at hydroacoustical and ultrasound transducers, we can choose the best model for optimal matching in the given sonar system. By using the ideal electric transformer models, special, original and general expressions were gained and tested in the long-time practice, we have enabled the correct computing of elements necessary for performance and the complete matching of electrical impedance at hydroacoustical antenna. In accordance with the mentioned intentions of presenting fundamental sensitivities of transducers, electroacoustical impedance and their matching, we have presented a new important expanded and correct opinion about the fundamentals of directivity index and effective aperture of antenna in a new form of absolutely correct mathematical functions dependent on important parameter LoSoS. Also, all of them in two and three dimensional graphs are the best support in the building of antennas and new technologies of contemporary systems of monitoring for a world without accidents in space and, especially, in the underwater.
